Targeted expression of activated Rac3 in mammary epithelium leads to defective postlactational involution and benign mammary gland lesions.
Rac3, a novel member of the Rho subfamily of the small GTPases, is frequently activated in cultured breast cancer cells and has been shown to mediate its effect via the p21-activated kinase (Pak) pathway. In order to evaluate these findings in vivo, we generated transgenic mice that express human constitutively active V12Rac under the control of the mouse mammary tumor virus (MMTV) promoter, which targets the transgene expression to the mammary epithelium. V12Rac3 expression could be detected during the first pregnancy, and the transgenic mammary gland tissues displayed an elevated Pak1 phosphorylation. Although milk proteins, beta-casein and whey acidic protein were expressed and milk fat globules accumulated normally during pregnancy, 60% of transgenic mothers failed to nurse their pups. Surprisingly, although full lactational differentiation was never achieved in transgenic mice, gland involution was incomplete. For 5 days after weaning, involution was normal, but thereafter, epithelial islands characteristic of this early stage of involution persisted for months. The apoptotic index decreased after 5 days, and these glands were associated with increased p38 MAPK phosphorylation. Nine months postpartum, the transgenic mammary glands still demonstrated a large amount of persistent epithelial islands and abnormally large ducts with lymphocyte infiltration, whereas the tissues of non-transgenic controls had returned to their normal 'virgin-like' phenotype. These data show that sustained activation of Rac3 in the mammary epithelium leads to impaired mammary gland physiology and results in the formation of mammary gland lesions.